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1
LEVELING SYSTEM

CROSS-REFERENCE TO RELAT.
APPLICATIONS

T
.

This application claims the benefit of U.S. Provisional
Patent Application No. 61/565,800, filed Dec. 1, 2011, the
entire contents of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

The present invention relates to the field of blasthole drlls.
Specifically, the present invention discloses a leveling system
for an operator cab and complete drill assembly.

Conventional drills often include a main platform for sup-
porting an operator cab and the drilling mast/system; a level-
ing mechanism 1s then used for supporting the platform rela-
tive to the ground. The leveling mechanism may include
hydraulic jacks that engage the ground. The fluid tlow to each
of the jacks 1s centrally controlled by a controller and valve
manifold that are in fluid communication with each jack
through a series of hoses. The hose connections can be cum-
bersome 1n part because each jack 1s subject to complex
control inputs during operation. In addition, the hoses create
pressure losses between the valve manifold and the individual
jacks, causing the operation of the jacks to lag behind the
controls. This causes the system to exhibit hysteresis and
impairs the responsiveness of the leveling system.

SUMMARY OF THE INVENTION

In one embodiment, the invention provides a leveling sys-
tem for supporting an operator cab. The leveling system
includes at least one hydraulic actuator and a manifold
coupled to the actuator. The hydraulic actuator supports the
cab relative to a support surface, and includes a first end
coupled to the cab and a second end that 1s extendable away
from the first end. The manifold 1s coupled to the actuator and
includes a directional flow control valve, a regenerative tlow
valve, and at least one counterbalance valve for controlling
the extension of the actuator. The counterbalance valve 1s in
direct fluid communication with the actuator.

In another embodiment, the invention provides a dnll
including a mainframe supporting an operator cab, a mast
supporting a drill, and a plurality of hydraulic jacks support-
ing the mainirame and the mast relative to a support surface.
Each jack includes an actuator extendable away from the
mainirame and a valve manifold. The valve manifold 1s
coupled to the actuator and includes a directional flow control
valve, a regenerative flow valve, and a pair of counterbalance
valves for controlling the extension of the actuator. The coun-
terbalance valves are 1n direct fluid communication with the
actuator.

In yet another embodiment, the invention provides a
hydraulic jack for an excavation machine. The jack includes a
shell, an actuator, and a valve manifold coupled to the shell.
The shell includes a first end and a second end having an
opening. The actuator includes a cylinder, a rod, a piston, a
first conduit, and a second conduit. The cylinder 1s positioned
at least partially within the shell and 1s moveable relative to
the shell. The cylinder includes a first end and a second end
for engaging a support surface. The rod 1s positioned at least
partially within the cylinder and includes a first end coupled
to the first end of the shell and a second end. The piston 1s
coupled to the second end of the rod and divides the cylinder
into a base side chamber and a rod side chamber. The first
conduit extends at least partially through the rod and 1s 1n fluid
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2

communication with the rod side chamber. The second con-
duit extends through the rod and 1s 1n fluid communication
with the base side chamber. The valve manifold is coupled to
the shell and includes at least one directional flow control
valve, at least one regenerative flow valve, a first counterbal-
ance valve 1n direct fluid communication with the first con-
duit, and a second counterbalance valve 1n direct fluid com-
munication with the second conduit.

Other aspects of the mvention will become apparent by
consideration of the detailed description and accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view of a blasthole drill.

FIG. 2 1s a perspective view of a mainirame of the blasthole
drill of FIG. 1 without associated equipment mounted
thereon, but illustrating the location of leveling jacks on the
mainframe.

FIG. 3 1s a partial perspective view of a jack.

FIG. 4 1s a side view of the jack of FIG. 3.

FIG. § 1s a cross sectional view of the jack of FIG. 3 taken
along line 5-5.

FIG. 6 1s a perspective view of a jack cylinder.

FIG. 7 1s a cross sectional view of the jack cylinder of FIG.
6.

FIG. 8 1s an enlarged cross sectional view of the jack
cylinder of FIG. 6.

FIG. 9 1s a schematic of a hydraulic control system.

Betfore any embodiments of the invention are explained in
detail, 1t 1s to be understood that the invention 1s not limited in
its application to the details of construction and the arrange-
ment of components set forth in the following description or
illustrated in the following drawings. The invention i1s capable
of other embodiments and of being practiced or of being
carried out 1n various ways. Also, 1t 1s to be understood that
the phraseology and terminology used herein 1s for the pur-
pose of description and should not be regarded as limiting.

DETAILED DESCRIPTION

As shown 1n FIG. 1, a blasthole drill 10 includes a base or

lower works 14 for supporting and moving the drill 10 over a
support surface, a platform or mainiframe 18, a mast 22 for
supporting a drill, an operator cab 26, and a leveling system
30 (FIG. 2) for supporting the mainirame 18 relative to the
support surface. The mainframe 18 i1s coupled to the lower
works 14 and supports the mast 22 and the cab 26. In the
illustrated embodiment, the leveling system 30 includes four
leveling jacks 34. In other embodiments, the leveling system
may include fewer or more jacks 34.

As best shown 1 FIGS. 3-6, each jack 34 includes a shell
46, an electro-hydraulic control 50, and an actuator or level-
ing cylinder 54 (FIGS. S and 6). The shell 46 includes a first
end 58 coupled to atlange cover 62, and a second end 66 (FIG.
2) that 1s open. The electro-hydraulic control 50 1s positioned
adjacent the shell 46 and 1s 1n direct fluid communication with
the leveling cylinder 54. The electro-hydraulic control 50
includes a pressure sensor 74 (FIG. 9) and a valve mamiold
78, and 1s described 1in greater detail below. The leveling
cylinder 54 (FIGS. 5 and 6) 1s positioned within the shell 46
and extends outwardly from the second end 66 of the shell 46.

As shown 1 FIG. 7, the leveling cylinder 54 includes a
barrel 86, a piston 90 positioned within the barrel 86, and a
rod 94 positioned substantially within the barrel 86. The
barrel 86 1s moveable relative to the rod 94 and the piston 90.

The barrel 86 includes a first end 102 and a second end 106.
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The first end 102 of the barrel 86 includes a rod seal 110
extending circumierentially around an inside surface 114 of
the barrel 86. The rod seal 110 engages the rod 94 and 1s
moveable relative to the rod 94. The second end 106 of the
barrel 86 may be coupled to a support member (not shown)
for engaging the ground or support surface.

Referring to FIG. 8, the piston 90 includes a base side 122
and a rod side 126. The piston 90 divides the cylinder 54 into
a base side chamber 130 and arod side chamber 134. The base
side chamber 130 1s formed by the interior volume of the
barrel 86 extending between the second end 106 of the barrel
86 and the base side 122 of the piston 90. The rod side
chamber 134 1s defined by the interior volume of the barrel 86
located between the barrel 86 and the rod 94 and extends from
the rod side 126 of the piston 90 to the rod seal 110.

Referring to FIGS. 5 and 8, the rod 94 includes a first end
142 (FIG. 5) coupled to the shell 46 and a second end 146
(FIG. 8) coupled to the rod side 126 of the piston 90. In the
illustrated embodiment, the first end 142 of the rod 94 1s
coupled to the shell 46 by a tie rod 150 (FIG. §5). The rod 94
includes a first conduit 158, a first port 162 (FIG. 8), a second
conduit 166, and a second port 170 (FIG. 8). The first conduit
158 1s located within the rod 94 and 1s 1n direct fluid commu-
nication with the valve manifold 78 (FI1G. 5). The term “direct
fluid communication™ refers to the fact that the valve mani-
fold 78 directly interfaces with the conduit 158 without
requiring hoses or other intermediate connections. The sec-
ond conduit 166 1s in direct fluid communication with the
valve manifold 78 and extends through the rod 94. In particu-
lar, the first conduit 158 and the second conduit 166 are each
in direct fluid communication with a counterbalance valve
190a, 19056 (FI1G. 5), as described 1in more detail below. As
shown 1n FIG. 8, the first port 162 1s positioned on the rod 94
and provides fluid communication between the first conduit
158 and the rod side chamber 134. The second conduit 166 1s
schematically parallel to the first conduit 158, such that the
first conduit 158 and the second conduit 166 are not 1n com-
munication with one another. The second port 170 15 posi-
tioned on the base side 122 of the piston 90 and provides tluid
communication between the second conduit 166 and the base
side chamber 130.

When tluid 1s supplied to the base side chamber 130 via the
second conduit 166 and drained from the rod side chamber
134 via the first conduit 158, the second end 106 of the barrel
86 moves away from the piston 90 while the first end 102 of
the barrel 86 moves toward the piston 90 to extend the cylin-
der 54. Stmilarly, when fluid 1s supplied to the rod side cham-
ber 134 via the first conduit 158 and drained from the base
side chamber 130 via the second conduit 166, the second end
106 of the barrel 86 moves away from the piston 90 to retract
the cylinder 54.

The electro-hydraulic control 50 1s shown schematically in
FIG. 9. The valve manifold 78 includes a pressure-compen-
sated proportional tlow control valve 178, a pair of pilot
valves 182, a regenerative tlow valve 186, and a pair of coun-
terbalance valves 190. The tlow control valve 178 1s coupled
to a pressure compensator valve 198. One of the pilot valves
182 moves the flow control valve 186 to an “extend’ phase to
extend the leveling cylinder 54, while the other pilot valve
182 moves the flow control valve to a “retract” phase. The
regenerative tlow valve 186 1s operated by the pilot valves 182
and includes a cavity 206 for providing a pressure limitation
on the regenerative fluid flow. The counterbalance valves 190
are also operated by the pilot valves 182 and sense a sudden
pressure change 1n either the base side chamber 130 or the rod
side chamber 134. The electro-hydraulic controller 50 obtains
pressure data for the cylinder 54 from the pressure sensor 74.
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During operation, the operator activates one of the pilot
valves 182 to extend or retract each jack 34 to level the
mainirame 18. The operator may actuate all of the jacks 34
simultaneously or individually. When the pilot valve 182
associated with the extend phase 1s actuated, for instance, the
flow control valve 178 1s moved such that fluid 1s supplied
through the second counterbalance valve 1905 to the second
conduit 166, and then to the base side chamber 130. The
counterbalance valves 190a, 1905 are operated by pilot pres-
sure, and the counterbalance valves 190a, 1905 block fluid
flow to both chambers 130, 134 of the cylinder 54 11 the pilot
flow to either counterbalance valve 190 1s interrupted. The
counterbalance valves 190a, 1905 control flow to the cylinder
54 and also lock the cylinder 1n case of a sudden drop 1n fluid
flow or pressure. Theretore, the counterbalance valves 190aq,

19056 provide an additional measure of satety during opera-
tion of the drill 10.

I1 the counterbalance valves 190 permit fluid flow 1n both
directions, the regenerative tlow valve 186 1s actuated to allow
some of the fluid that 1s pushed out of the rod side chamber
134 to flow 1nto the base side chamber 130, providing better
response time for extending the cylinder 54. The regenerative
fluid flow may be limited by a maximum pressure.

The leveling system 30 include multiple jacks 34 for sup-
porting the mainirame 18, and each jack 34 includes an indi-
vidual valve manifold 78 directly coupled to the jack 34 to
provide direct fluid communication between the counterbal-
ance valves 190a, 1905 and the cylinder 54. The flow control
valve 178 1s housed within the same valve manifold 78 as the
regenerative flow valve 186 and the counterbalance valves
190a, 1905. The electro-hydraulic control 50 actuates the
valves remotely. These features eliminate the need for hose
connections between each valve and the cylinder 54, thereby
significantly reducing the hysteresis 1n the system and
improving the response time of the controller 50.

Thus, the mnvention provides, among other things, a level-
ing system. Various features and advantages of the invention
are set forth 1n the following claims.

What 1s claimed 1s:
1. A leveling system for supporting a drill assembly, the
leveling system comprising:
at least one hydraulic actuator supporting a cab relative to
a support surface, the actuator including a first end
coupled to the cab and a second end that 1s extendable
away from the first end, the actuator further including a
first flmd passageway and a second fluid passageway for
providing fluid tlow to extend and retract the second end;
and
a manifold directly connected to the actuator, the manifold
including a directional tlow control valve, a regenerative
flow valve, and at least one counterbalance valve for
controlling the extension of the actuator, the at least one
counterbalance valve being in direct fluid communica-
tion with at least one of the first fluid passageway and the
second fluid passageway,
turther comprising a shell including a first end and a second
end having an opening,
wherein the hydraulic actuator includes
a barrel positioned at least partially within the shell and
moveable relative to the shell, the barrel including a
first end and a second end for engaging the support
surface,
a rod positioned at least partially within the barrel, the
rod including a first end coupled to the first end of the
shell and a second end, and
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a piston coupled to the second end of the rod, the piston
dividing the barrel into a base side chamber and a rod
side chamber, and

wherein the first fluid passageway extends at least partially

through the rod and 1s 1n fluid communication with the

rod side chamber, and the second fluid passageway
extends through the rod and is 1 fluid communication
with the base side chamber.

2. The leveling system of claim 1, wherein the directional
flow control valve 1s a pressure compensated proportional
flow control valve.

3. The leveling system of claim 1, wherein the counterbal-
ance valve blocks fluid flow to the rod side chamber and the
base side chamber 11 fluid flow to the counterbalance valve 1s

interrupted.

4. The leveling system of claim 1, wherein the regenerative
flow valve 1s actuated to permit tluid flow from the rod side
chamber to the base side chamber, and wherein the fluid flow
1s not permitted once the pressure 1n the base side chamber
reaches a predetermined level.

5. The leveling system of claim 1, wherein the regenerative
flow valve and the directional flow control valve are 1n direct
fluid communication with the actuator.

6. A drill comprising;

a mainframe supporting an operator cab;

a mast supporting a drill; and

a plurality of hydraulic jacks supporting the mainframe and

the mast relative to a support surface, each jack includ-
ing an actuator extendable away from the mainframe and
a valve manifold, the valve manifold directly connected
to the actuator and including a directional flow control
valve, a regenerative tlow valve, and a pair of counter-
balance valves for controlling the extension of the actua-
tor, the counterbalance valves being in direct fluid com-
munication with the actuator,

turther comprising a shell including a first end and a second

end having an opening,

wherein the hydraulic actuator includes

a barrel positioned at least partially within the shell and
moveable relative to the shell, the barrel including a
first end and a second end for engaging the support
surface,

a rod positioned at least partially within the barrel, the
rod including a first end coupled to the first end of the
shell and a second end, and

a piston coupled to the second end of the rod, the piston
dividing the barrel into a base side chamber and a rod
side chamber,

wherein the rod includes a first conduit and a second con-

duit, the first conduit extending at least partially through

the rod and 1n fluid commumication with the rod side
chamber, the second conduit extending through the rod
and 1n fluid communication with the base side chamber.

7. The drill of claim 6, wherein the directional flow control
valve 1s a pressure compensated proportional tlow control
valve.
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8. The drill of claim 6, wherein one of the counterbalance
valves blocks fluid flow to the rod side chamber and the other
counterbalance valve blocks fluid flow to the base side cham-
ber 1f fluid tflow to either counterbalance valve 1s iterrupted.

9. The drill of claim 6, wherein the regenerative tlow valve
1s actuated to permit fluid tlow from the rod side chamber to
the base side chamber, and wherein the fluid flow 1s not
permitted once the pressure in the base side chamber reaches

a predetermined level.

10. The drill of claim 6, wherein the regenerative flow valve
and the directional flow control valve are 1n direct fluid com-
munication with the actuator.

11. The drill of claim 6, wherein the plurality of hydraulic
jacks includes at least three hydraulic jacks.

12. A hydraulic jack for an excavation machine, the jack

comprising:

a shell mcluding a first end and a second end having an

opening;

an actuator including

a barrel positioned at least partially within the shell and
moveable relative to the shell, the barrel including a
first end and a second end for engaging a support
surface;

a rod positioned at least partially within the barrel, the
rod including a first end coupled to the first end of the
shell and a second end,

a piston coupled to the second end of the rod, the piston
dividing the barrel into a base side chamber and a rod
side chamber,

a first conduit extending at least partially through the rod
and being in fluid communication with the rod side
chamber, and

a second conduit extending through the rod and being 1n
fluid communication with the base side chamber; and

a valve manifold directly connected to the shell and 1includ-

ing at least one directional flow control valve, at least

one regenerative flow valve, a first counterbalance valve
in direct fluid communication with the first conduit, and

a second counterbalance valve 1n direct fluid communi-

cation with the second conduit.

13. The hydraulic jack of claim 12, wherein the directional
flow control valve 1s a pressure-compensated proportional
flow control valve.

14. The hydraulic jack of claim 12, wherein the first coun-
terbalance valve blocks fluid tlow to the rod side chamber 11
fluid tflow to the first counterbalance valve 1s interrupted.

15. The hydraulic jack of claim 12, wherein the at least one
regenerative tlow valve 1s actuated to permait fluid flow from
the rod side chamber to the base side chamber to assist in
extending the barrel, and wherein the fluid tlow 1s not permut-
ted once the pressure in the base side chamber reaches a
predetermined level.

16. The hydraulic jack of claim 12, wherein the at least one
regenerative flow valve and the at least one directional tlow
control valve are in direct fliid communication with one of
the first conduit and the second conduat.
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